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INTERFRAME BUCKLING OF ALUMINIUM ALLOY
STIFFENED PLATING (UL)

BY
J D CLARKE AND J W SHWAN

Summary (UL):

Compression tests on five stiffened N8 aluminium alloy plates
covering typical full scale warship scantlings are described. The
panels were manufactured using normal shipyard production methods
to ensure typical initial distortion and residual stresses.

Maximum loads and post-buckling load/deflection results are
compared with theoretical predictions using the ARE computer
program N106C.
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< I BUCKLING OF ALUMINIUM
N STIFFENED PLATING
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1. Although the only recent major use of aluminium alloys in
British warship hulls has been the superstructure of the Type 21
frigates, they have potential applications for advanced naval
vessels eg SWATHs, hydrofoils and Surface Effect Ships. For this
reason it was considered that a series of measurements and tests
should be conducted to raise our understanding of the factors
affecting the buckling of stiffened aluminium plating nearer to -~
our current understanding of steel structures. . g
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e 2. Four panels 3.7 m x 2.7 m with different plate and stiffener . .
1 sizes were ordered from Yarrow Shipbuilders Ltd. Normal ship- . v
building practice was requested for welding to ensure typical -
X imperfections. During construction extensive measurements to -;;
R obtain in-built residual stresses were taken by ARE and after RO
.- manufacture the panels were surveyed to obtain plate and stiffener .
- distortion (1)*, Each panel was then cut into two and end and ,
e side supports were welded on to give eight compression test , -
d specimens each having three longitudinals and two full frame
SR spaces. Compression tests have now been carried out on five of E
st these and the results are presented here and compared with
RIS theoretical estimates.

3. The tests were similar to those previously reported for
stiffened steel structures (2) except that the sides of the

specimens were supported only at the frames so that the failure o
mode was interframe buckling, and secondly the applied loading was
displacement controlled so that the post-buckling behaviour could

be monitored. A secondary objective of the tests was to check the
. theoretical estimates of post-buckling behaviour calculated by the
'_ . ARE program N106C (3).
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4. In parallel with these tests theoretical and experimental
IS work was carried out on the development of weld induced residual
. stresses and distortion at Cambridge University (4) and on plate
. buckling at Imperial College (5) and Cambridge University (6,7).
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iﬁ EXPERIMENTAL DETAILS AND PROCEDURE

Details of Test Grillages

5. The stiffened panels from which the test grillages were taken
were fabricated in N8 (5083) aluminium alloy. The first three
panels had identical longitudinal stiffeners (38 x 76 nm x

1.65 kg/m T bars) with nominal plate thicknesses of 5, 8 and

12 mm. The fourth panel had 8 mm thick plating with 78 x 8 mm
flat bar longitudinal stiffeners. In all cases the transverse
frames were 64 x 127 mm x 3.85 kg/m T bars at a spacing of 1000mm.

*( ) References on Page 12
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¢'~.53 6. The panels were divided into two test grillages, each with ﬁ%@
yo dimensions as shown in Figure 1. This subdivision resulted in by
R each grillage containing two different plates joined by a - ﬁﬁ
PE longitudinal butt weld offset from the centreline. The ends of T i
- the grillages were reinforced with doubler plates to avoid local
failures and steel beams were used to distribute the load from the : "
N four jacks at one end and the six load cells at the other. The >
- .. width of the plating along the outer edges was chosen to have an ;ﬁ
A elastic buckling stress with one edge simply supported equal to KA
. that for a full width panel simply supported on both edges. Under o oy
elastic interframe buckling the grillage can therefore be con- 5
sidered to represent the combined behaviour of three longitudinal EQ?
stiffener/plate sections. 1In the absence of buckling, ie for K
uniform elastic or plastic stresses the total cross sectional area N
represents approximately 2.75 stiffener/plate combinations. An 2 O
estimated allowance for this difference has been made below when. > A
comparing measurements with theoretical predictions. The error in ‘ o
this estimate is thought to be small, but can be checked later ’ L,;
using three dimensional elasto-plastic finite element analysis if ]
. considered necessary. N
- ~3
7. Average grillage dimensions and material properties are o
) summarised in Table 1, and Table 2 gives plate slenderness *-
® parameters and upper limits to the failure loads based on plate
ol buckling with no allowance for stiffener deformations. X
o er s Yield Stress Measurements e R
R e NS
8. Tensile stress/strain measurements were made on at least six Hiﬁ
specimens from each plate and group of stiffeners. 1In order to ) e
establish the effect of strain rate and hold time a number of ey
these were tested according to the recommendations of the DOE-TRRL g
Panel for Testing Procedures for Steel Models (B), ie at a strain - = j
rate of 300 pe/min with a hold of 2 mins at a strain of 0.005. vt;
Since it was found that testing at 3000 pe/min gave very similar T
results most of the testing was carried out at this rate. The "y
average reduction in 0.2% proof stress at 300 pe/min below that at i
3000 ue/min was 2%. There were further load reductions during the e
) 2 min hold of 2.0% at a strain of 0.005 and 2.6% at 0.0l. -
. ¥ s R

9. Attempts were made to measure the compressive yield but these
were not satisfactory because of buckling effects. Cambridge o
University (6) have developed a technique using small coupons with E;;
= PIFE anti-buckling supports. They report compressive values for -
. N8 aluminium alloy but there are no corresponding tensile values.

" In steel, comparisons (8) have given static yield values 3% higher

S

~ in compression but the CPl18 minimum specified proof stresses for =

- N8 aluminium alloy are 5.6% lower in compression. In the absence B

.. of any other information it has been assumed in the theoretical -
rerps 4 analysis reported below that there is no significant difference in s

the yield behaviour in compression, but a total reduction of 4%

._':\‘

& has been allowed for hold time effects. This reduction has not :':i
e been included in the values given in Table 1 or in the RN
. ‘ stress/strain curves for the stiffeners shown in Figures 2 to 4. RN
- It can be seen from the proof stress values in Table 1 that the o RN
varjation from plate to plate is much greater than the hold time ; -
- . -::'_::j
- -5 - R,
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correction. HWithin each plate the results are fairly consistent
but results for the stiffeners showed a large scatter as can be
seen from Figures 2 to 4. In fact the average proof stress of
87 MN/m2 for the flat bar stiffener is below the minimum
specification value of 125 MN/m? for N8 alloy (9).

Residual Stress and Djist i Measurements

10. Full details of the measurements on the original panels are
given in (1). Residual stresses were determined from accurate
distance measurements between indents on the plate surface before
and after welding. Average and maximum values are given in

Table 1. The stiffeners all exhibited a combination of direct and
bending stress but there was no systematic correlation between the
magnitude of the bending stress and the stiffener distortion.

11. Plate deformations are given in Table 1 and stiffener
distortions in Table 3. The stiffener distortions were measured
using three different methods. The original panels were surveyed
with a displacement transducer mounted on a bar, and measurements
were also made using a swept laser beam as a reference plane as
reported in (l1). As a further check some measurements were also
made after the test grillages had been manufactured using the
laser deflection method described in (10). All three sets of
values, where available, are listed in Table 3. It can be seen
that there are quite large differences in the results although
they show similar trends. The initial measurements were all made
on the plate side and some of the variation could be due to local
distortions in the plate surface caused by welding. The laser
measurements on the final grillages were made on both the plate
side and on the stiffener flanges. The results again show the
same trends with differences of typically 0.5 mm between measure-
ments on either side. An exceptionally large difference was
recorded for stiffener 6 of grillage 4A which also has the largest
distortion measured on either side. In this case there may have
been a significant difference in the weld gap during fabrication.

12. Table 3 also gives the values assumed in the theoretical
analysis. Any apparently inconsistent values have been eliminated
before taking averages.

Loading Rig and Instrumentation

13. The test frame is illustrated in Figure 5. The grillages
were loaded by four 500 kN Dartec servohydraulic jacks operated in
displacement mode. These incorporate load cells, but as a check
on the longitudinal loading at the supports the load was also
measured at the reaction end using six load cells. The supports
at the frame ends were double bottle screws connected to bars
which enabled the top and bottom connections to slide longitudi-
nally under load. The upper supports can be seen in Figure 6,
similar supports were attached underneath.

14, For grillage 3A theoretical estimates of the failure load

(Figure 30) suggested that this might exceed the 2000 kN
available, and two 250 kN pressure controlled jacks were added to

- 6 -
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the rig for this test. HWhen the load on the servohydraulic jacks

reached 600 kN these jacks were switched in. Although the failure
load did not exceed 2000 kN they were useful as it was found that

the pump pressure was low and the servohydraulic jacks could only

provide a total load of 1680 kN.

15. The strain in the plating and longitudinals was monitored
using foil resistance strain gauges distributed as shown in

Figure 7. These were recorded via a Peekel strain gauge logger
for subsequent computer analysis. Plate and stiffener

deflections were monitored by ARE deflection transducers arranged
as shown in Figure 8. These were supported on a Dexion datum
frame which has been removed in Figure 6 but can be seen in Figure
9a. The deflection signals were also recorded by the Peekel
logger.

16. An additional measure of plate deflection was obtained from a
transducer which was scanned along the centreline of the plate
panels on the unwelded side (see track in Figure 8). The output
was recorded on an X-Y plotter and subsequently digitised to
produce scaled plots.

Test Procedure

17. The height of the test grillages within the rig was adjusted
with the bottle screws until the centreline of the jacks and load
cells coincided with the calculated position of the neutral axis.
The flexure plates were than clamped in position.

18. The load was applied by the four jacks operating together in
displacement mode so that the post buckling behaviour could be
determined. At a number of points over the load/deflection curve
the strains and deflections were logged. The deflection was held
for at least three minutes before logging to minimise short term
creep effects. At a number of load increments prior to buckling
the load was returned to zero and the strains were logged so that
stresses could be determined from the elastic relaxation. The
plate deflection was scanned at each load point using the trans-
ducer mentioned above.

19. At the higher deflections care had to be taken to ensure that
the grillage did not move the datum frame, and deflection trans-
ducers which were nearing their limiting range were removed or
reset. The tests were continued until the overall behaviour could
no longer be accurately monitored.

RESULTS

Load/Deflection Behaviour

20. The loading sequence and average deflections for each
grillage are given in Tables 4a to 4e. The loads quoted are the
average of the values given by the load cells and the jacks. The
maximum differences between this average and the jack load were
2.6% at the maximum load and 3.8% at the maximum deflection. The
longitudinal deflections quoted are the average values of the

- 7 -
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differences between the appropriate four pairs of transducers
illustrated in Figure 8. §) is the length change over the frame
space nearest to the jacks, §2is the corresponding value for the
other frame space, and 63 is the change in overall length of the
grillage. In each case a contraction is shown as negative. As in
general the measuring points did not coincide with the neutral
axis a correction has been applied to allow for the effect of
rotation of the transverse frames. The method used is described
in Appendix A.

21, w; and w, are average values of the vertical deflections of
the three stiffeners in each frame space relative to their ends
(positive upwards). The deflections of each stiffener are listed
separately in Tables Sa to S5e. The values for stiffeners
deflecting downwards are less accurate for large deflections
because of the effect of stiffener tripping, which tended to occur
near the centre of the frame space, ie near the location of the
vertical deflection transducer on the table.

22, The permanent deformation after the final locad is illustrated
in Figures 9 to 1ll. In many cases the maximum deflection did not
coincide with the location of the deflection transducer so the
results have not been presented here. 1In all cases the tripping
only became noticeable in the post-buckling region and did not
appear to influence the maximum load.

23. Figure 12 shows the load/deflection curves across both frame
spaces for each grillage, and Figures 13 to 17 show the values for
each frame space separately. For grillage 3A there was a sudden
jump in deflection just past the maximum load and the probable
path is shown dotted. In addition to the measurements taken after
three minute holds, continuous load/overall grillage contraction
plots were taken as an indication of the behaviour of the grillage
during the test. For other grillages the load scale was the

) output from one jack only and the results are not included here.

5 For grillage 3A, which was the last grillage tested, the jack

) signals were summed to give total load and the trace for the final
loading is illustrated in Figure 18. It can be seen that near the
maximum load the reduction during the three minute hold is
considerable. The dynamic jump does not occur at constant
grillage displacement because the frame acts as a spring and there
is an additional contraction as the stiffness of the grillage
reduces. The stiffness of the frame can be determined from the
difference between the jack displacement and the overall grillage
displacement. Results from all five tests fall within the band
shown in Figure 19. The non-linearity is thought to be partly due
to the initial closure of gaps, eg bolt clearances, in the rig.

. This plot can be used to define the limiting post-buckling

. stiffness which can be controlled in the frame.

24. It can be seen from Tables 4a and 5a that the stiffeners in ]
grillage 1A did not behave similarly. In one frame space the
outer stiffeners deformed vertically in opposite directions
producing a considerable amount of twist in the structure. It was
decided therefore tao test the second grillage fabricated from ced
Yarrows panel 1 as well. This grillage (1B) behaved much more =Y
uniformly, but as can be seen from Figure 12 the load/shortening tasen
curves were very similar. U
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I Plate Deformation

25. Figures 20 to 23 show the plate deflection traces measured .
along the centreline of the plate panels on the unwelded side (see

Figure 8). It was not possible to obtain a complete trace at some

of the higher loads because the deflection transducer was out of

range. In some cases therefore the permanent deformation shown
corresponds to higher load values than for the deformation shown

g under load. Tables 4b to 4e give the load levels corresponding to

E , the scan numbers.
f

T 26. A large part of the deflection, particularly in the case of
- ’ grillage 3A which has the thickest plate, is due to the stiffener
distortion. It can be seen that the plating generally buckles .
into three half waves and that the initial deformation, particu- L7
larly for grillage 1B has a three half wave component. '

P Plate Stresses

27. The longitudinal stresses derived from the elastic strain
relaxation is shown in Figures 24 to 26. Account was taken of T
transverse strains using a Poisson’s ratio of 0.3. In the plate f?j
the values are the average of the top and bottom gauges. At the o
stiffener positions the values were interpolated to give the i

stress at the centre of the plate. S

i ARSc

28. The reason for the low values on one gauge for grillage 3A is

not known but could be due to partial failure of the adhesive. : e
The average plate stresses have been derived by integrating these ) ﬁi%
values and are plotted against edge strain as a fraction of yield g
values in Figure 27. These plots have been used to check the i“_qd

validity of the stress/strain curves assumed in the theoretical T
analysis discussed below. s

COMPARISON WITH THEORETICAL PREDICTIONS i.j

29. A number of calculations have been carried out using the t 1
computer program N106C (3) to give an indication of the accuracy ,Q?’
of this program in predicting maximum loads and post-buckling *-f
behaviour. A single stiffener and associated plating was Ve
represented and symmetric behaviour was assumed beyond the mid e
frame positions. Each half frame length was subdivided into ten .
elements each with twenty fibres representing the stiffener and .
one variable width fibre representing the plating. Since measured g
residual stresses in the stiffeners were low and variable in sign B
they were ignored in this analysis. =

30. Following the recommendation of Dier and Dowling (6) and S

Moflin and Dwight (6) it was assumed that the non dimensionalised N

plate behaviour could be represented by that for steel with the be b
g

same B value ls = b/t /EE], Appropriate curves were therefore

selected (via the parameter NEW in N106) which corresponded to a

b/t value which for steel would give the same g. This was not . .
possible for grillage 1B since the equivalent b/t in steel (160) f‘q

_9_
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was outside the range of values incorporated in the program. From
the residual stress and distortion measurements (1) it appeared
that the appropriate curves would be between the "nearly perfect"
and "moderate" sets given in (3). Since the effective b/t values
did not coincide exactly with the values available calculations
were carried out for two NEW values which bracketed the range, ie
"nearly perfect", low b/t and "moderate", high b/t. For grillage
1B the best approximation available was to use the b/t = 90 curve
for "severe" imperfections. This was slightly above the curve
shown in Figure 27. Calculations were also carried out for this
grillage using the Faulkner formula (NEW = 3). 1In each case
calculations were made using the average, and maximum vertical
stiffener distortions given in Table 3. The average values are
probably more representative as there will be an interaction in
the buckling behaviour of adjacent stiffeners.

31. Results of the calculations are compared with the measured
load/shortening behaviour in Figures 28 to 31. Except in the case
of grillage 3A where the calculated load/displacement curve has a
sharp peak, the estimates of maximum load bracket the measured
values. In each case however the post-buckling load carrying
capability is underestimated. One contribution to this difference
is the rotational restraint at the ends of the transverse frames
provided by the supports. The rotational stiffness of these
supports was measured after the tests by applying a known moment
and results are given in Figure 32. Over the initial part of the
range the plot is linear with _a stiffness of 2.0 x 107 Nmm/radian
which corresponds to 1.4 x 107 Nmm/radian per stiffener. Figure 33
shows the effect of rotational constraint on the buckling
behaviour of grillage 1B (NEW = 31, Average stiffener distortion).
The measured value of 1.4 x 107 Nmm/radian gives a significant
increase in the post-buckling strength, but a value of
approximately 5 x 107 Nmm/radian would be needed to match the
observed behaviour. A possible explanation is the effect of the
short end frames which are reinforced with doubler plates. These
are not represented by the simple two half span model used for
these comparisons.

RECOMMENDATIONS FOR FURTHER WORK

32. It is important to establish the reason for the difference in
the predicted and measured post-buckling behaviour. Some N104C
calculations should therefore be carried out using a four span
representation which includes the effect of the stiffer end
sections. The effect of residual stresses in the stiffeners
should also be investigated to see if these are a possible reascon
for the over-estimate of the peak load for grillage 3A.

33. There are three remaining test grillages 2B, 3B and 4I.

These have welded edge supports but have not heen strain caujed.
Consideration will be given to testing these with fully rotationai
frame supports to eliminate this uncertainty in the compariscn.
Attention will also be given to the accurate measurement.s of
longitudinal displacements, but it should be possible to sinplify
the instrumentation by omitting the strain measurements and some
of the deflection measurements.
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s CONCLUSIONS ol
sz 34. One of the most significant facts to emerge from these tests ) ;ﬁ
. is the variation in yield strength in material which is supposed L‘
i - to satisfy the NB specification. If aluminium alloy is used in e

future ships in critical locations where strength is important it .-

o plating behaviour represented by an equivalent steel b/t value
PR giving the same 8. It should be noted that the peak load for
Tl e sharply varying load/deflection curves may be overestimated.

5- will be necessary to have adequate quality control. f%
RN S
o 35. It appears that in most cases the maximum strength of S
" aluminium alloy structures can be calculated using N106C with the :J

i

VR

» .
s

36. The post-buckling strength measured during the test was .
higher than that predicted by the simple two half frame finite
element model used. This was partly due to the rotational \
restraint at the frame ends but could also be due to the

additional rotational restraint at the ends provided by the short
sections with doubler plates. It should be noted that since N
design calculations are usually carried out using the two half s
frame representation, there will be a similar underestimation of .
the post-buckling strength for stiffeners close to hard corners ™
where the frame rotation is constrained and in cases where the b
collapse only occurs over one or two frame spaces. f

37. In future tests care should be taken to minimise errors in

longitudinal displacements caused by frame rotation. ﬁz
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TABLE S5a

+ve upwards

3_ GRILLAGE 1A VERTICAL DEFLECTIONS OF STIFFENERS
¢

S SCaN | LOAD
. NO. | (kN)

CHANNEL NO.

(SEE FIGURE 8 )

116

117 11

9

123

124

126

542
13 648
15 722
17 834
18 836

-
o

-0.
+0.
+0.
+1.
+2.

Deflection

NWwUwww

-0.
+0.
+0.
+1.
+2.

0.
+0.
-0.
-0.
-1.

ONWHN

O+ O

0.0
+0.1
+0.2
-1.1
-6.5

relative to ends

(mm)

NWwWwN

+0.3
+0.5
+0.7
+0.8
-0.2

o
b- e e
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e
-
b
».7
,_."
» .-
S
.
i
-

|

.,..4,....

L

NI NCREARERTAE)
- -

-22 -
UNLIMITED

\ 4

..- >»‘
-._'..q
- ..-

BAR

% % 4% N <1 an
LS

RN

Lottt d A

o




- T T R S T W T T T T T T T T T ey ———w gt -
.......... A e e P R EAAA T A M ek Sl Stk Mt S B & S8 B ok Sod A0 Db 8o ¢ LI
..

. R

UNLIKIT. 2
e
8N
‘ -'t\'
. ' . s:"‘
X

TABLE Sb

GRILLAGE 1B VERTICAL DEFLECTIONS OF STIFFENERS

+ve upwards

SCAN | LOAD CHANNEL, NO. (SEE FIGURE 8 )
NO. | (kN) 116 117 I 119 123 124 126

Deflections relative to ends (mm)

1 0 '

2 22( +0.05( +0.14y +0.03] +0.11y +0.22]| +0.06 .1
3 62| +0.08{ +0.07| +0.03| +0.23| +0.19| -0.05

4 119 +0.16] +0.06] +0.07| +0.37| +0.31}| -0.19 ;

5 o| +0.04| +0.01| +0.06| +0.02| -0.03| -0.01 SR

6 172 +0.35| +0.13{ +0.10( +0.47| +0.43| -0.37 T

7 ol +0.02| 0.0 | +0.05| +0.02| -0.05| +0.02 -

8 295| +0.77| +0.30| +0.07| +0.55{ +0.65| -0.35 =

9 o| +0.02| -0.02| +0.04| +0.02| -0.07| -0.01 ]
10 422| +1.16| +0.47| +0.22] +0.61| +0.79| -0.21
11 ol +0.02| -0.03| +0.03| +0.01| -0.08| -0.03
12 543 +1.57| +0.73| +0.38| +0.61| +0.92| -0.13

13 o| +0.03| +0.04| +0.02| +0.03{ -0.12] -0.03 . 2

14 653] +2.01} +1.22] +0.71| +0.54| +0.93{ +0.05 et

15 ol +0.11} 0.0 | -0.06} -0.11| -0.19| +0.05 o

16 o +0.28{ +0.01j -0.10| -0.05} -0.13| -0.12 . T

17 713} +2.83| +1.93] +0.95| +0.18| +0.66| -0.02 T

18 787 +4.30| +3.39| +1.79| -0.81| +0.13| -0.25 sy

19 0} +1.20| +0.93] +0.32| -1.06| -0.81| +0.85 S

20 785| +9.69| +7.33| +4.91{ -3.17| -2.60]| -2.21 [

21 686|+18.31]+16.70)+14.78) -6.83| -8.10| -6.28 R

22 0[+11.41}+10.36| +8.98| -5.95| -6.16| -2.75 N

23 586 {+23.77]+23.01|+21.82|-15.73/-13.74]|-11.38 =

24 553 |+25.77|+26.62|+26.73 * x |-14.21 )

25 490(+32.61|+35.55|+36.08 * x ]-19.13 e

26 0{+25.40]+28.80]+26.90]-15.50]-13.60|-13.00 F

i

* Transducer out of range T
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IABLE S5c
GRILLAGE 2A VERTICAL DEFLECTIONS OF STIFFENERS

+ve upwards

LT SCAN | LOAD CHANNEL NO. (SEE FIGURE 8)
e ca\§ NO. | (kN) 116 117 119 123 124 126
AT EPA, S
i‘ Deflections relative to ends (mm) ' o]
1 0 B
2 4| -0.01| +0.06| +0.06| +0.06| -0.03 | +0.05 =
3 99| -0.09| +0.05| +0.10| +0.03 ] +0.05| +0.02 o
4 202| -0.03| +0.13| +0.20| +0.09 | +0.13 | +0.05 -
5 297| +40.05| +0.23| +0.24| +0.14 | +0.20 | +0.17 RS
6 0| -0.08| +0.13| +0.11| -0.03| +0.20 | +0.06 el
7 0{ -0.15( +0.15| +0.14| 0.0 | +0.25| +0.07 b o
8 455 +0.12| +0.35| +0.34| +0.24 [ +0.35 | +0.07 S
LT 9 585| +0.22| +0.47| +0.51| +0.34 | +0.36 | +0.13 20
RPN 10 741] +0.38{ +0.54] +0.65] +0.52 | +0.37 | +0.26 e
R 11 ol 0.0 | +0.21| +0.22| -0.01! +0.33 | +0.11 )
12 883| +0.68| +0.43] +1.02| +0.84 | +0.66 | +0.73 T
13 961| +0.95| +0.54] +1.48| +1.24 | +0.85 | +1.04 ?
14 0f +0.23| +0.29| +0.51| +0.31| +0.56 | +0.37 ;7}
15 1023 +1.23( +0.75| +1.91| +1.82 ] +1.14 | +1.27 R
16 1063| +1.54( +0.90)] +2.74] +2.87 | +1.64 | +1.60 RS
17 0| +0.82| +0.48| +1.69| +1.51 | +1.05 | +0.83 ot
18 | 1064| +2.50| +2.56| +4.43| +4.62 | +2.56 | +1.28 S
19 1057| +2.28] +4.90| +8.41| +9.71 | +4.62 | +1.23 . -
20 0 +1.20| +3.08| +5.98| +6.44 | +2.96 | +0.88 ifa
21 | 1034| +5.33}| +9.23|+11.77|+10.52 | +4.35 | +0.09 e
S 22 | 1012| +5.51|+12.01|+15.79|{+14.19 | +5.60 | -0.58 T
7 23 985 +8.67|+16.55|+19.76]+15.08 | +5.09 | -1.80 I
24 927|+15.36(+22.70 * +13.96 | +3.35 | -3.49 .
25 836(+22.43 * * +12.26 | -0.69 | -5.96 N
26 0]+16.21 * A +9.87 | +1.31 [ -2.21 b
~—
*# Transducer out of range T
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i _ TABLE 5d -
‘ GRILLAGE 3A VERTICAL DEFLECTIONS OF STIFFENERS o
+ve upwards
SCAN | LOAD CHANNEL NO. (SEE FIGURE 8 )
NO. | (kN) 116 117 119 123 124 126
Deflections relative to ends (mm) -
1 0 o
2 198 -0.08| -0.33 | -0.20( +0.03{ -0.21] -0.02 )
3 398 -0.14| -0.58 | -0.33| +0.04| -0.27 +0.03 .
4 | 600 -0.20| -0.85| -0.44| +0.07| -0.30| +0.11 -
S 0} -0.05| -0.08 | -0.16 0.0 -0.13} -0.14 “?H
6 996 -0.37} -1.56{ -0.79| +0.13| -0.57| +0.19 )
7 0} -0.03| -0.111| -0.14} +0.08] -0.13| -0.15
8 1185 -0.43{ -1.97 | -1.03} +0.15) -0.72) +0.24
9 0| +0.01| -0.15| -0.24| +0.13] -0.18| -0.17
10 1377( -0.59} -2.39 | -1.34| 40.30| -0.51} +0.62
11 0 +0.12 | -0.16 | -0.21| +0.13| ~-0.13| -0.08
12 1574} -0.85| -3.33 | -1.93} +0.58; -0.35] +1.29
13 0| +0.03 | -0.59 | -0.59| +0.28{ -0.19] +0.05
14 0 +0.08; -0.60 | -0.59} +0.28| -0.21| +0.09
15 1663 -1.44 | -3.91 | -2.85| +0.88} -0.11] +1.96
16 0] -0.28 ] -1.38 | -1.167 +0.49] -0.12] +0.40 .
17 0] -0.28] -1.51 | -1.22] +0.51{ -0.18] +0.45
18 1685|-10.33 | -2.82 * +3.08] +2.32] +6.60
19 842 ] ~-4.74 A +12.341+15.65(+19.91
20 808 * * * +13.94+18.01 {+22.06
21 648 * * * +15.19(+20.31|+24.97 -
. 22 0 * * * +10.401{+13.57(+15.94 . T
g * Transducer out of range '.._'-j'.
— T
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o
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TABLE Se
GRILLAGE 4 TICAL DEFLECTIONS OF STI S

+ve upwards

R e St Sl S R A S S Al A A e

SCAN | LOAD CHANNEL NO. (SEE FIGURE 8 )
NO. | (kN) 116 117 119 123 124 126

Deflections relative to ends (mm)

1 0

2 96| -0.11| ~0.07( -0.13} +0.15]| +0.09] +0.20
3 l66 | -0.16| ~0.14| -0.08| +0.23| +0.12} +0.35
4 2544 -0.24| -0.19| -0.20( +0.34] +0.09] +0.44
5 0| +0.05 0.0 -0.20( +0.03{ -0.01| +0.05
6 441 | -0.61{ -0.39| -0.30; +0.59| +0.15| +0.76
) 595| -1.30| -1.13f -1.38| +1.02§ +0.42] +1.58
8 0f -0.40f -0.44 -0.87| +0.12{ +0.20| +0.47
9 716} -3.00| -2.99| -2.40| +1.72| +1.12} +2.78
10 757 {-12.5 |-14.3 |-12.2 +8.44) +6.15| +8.73
11 01]-10.9 -9.4 -8.2 +4.77] +3.13| +4.26

12 0(-10.8 -9.3 -7.2 +4.79( +3.39] +4.29
13 572 |-13.5 12.0 |-10.3 +7.00{ +4.85) +6.83
14 659 [-13.2 |-12.9 [-10.9 +7.54| +5.35| +7.56
15 0{-11.1 -9.5 -8.2 +4.91| +3.18| +4.20
16 723 1-16.9 }|-14.6 |-12.1 +8.27| +6.06 ] +8.30
17 619 |-24.9

* -21.5 |+16.6 |{+11.9 |+12.1

18 577 * * A +19.0 +14.3 |+14.4
19 535 * ] A +21.7 |+17.6 [+17.6
20 488 * * * +25.4 |+20.6 |+20.6
21 426 * * A +30.5 [+26.4 (+26.8
22 386 A * * +33.5 [+28.9 [+29.3
|23 0 * * * +27.0 [+23.3 [+22.0

* Transducer out of range
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UNLIMITED

. APPENDIX A

;;yé CORRECTION OF LONGITUDINAL DISPLACEMENTS FOR
R ROTATION OF TRANSVERSE FRAMES

- Figure Al shows the arrangement adopted for the measurement
of longitudinal displacements. In order to avoid errors due to
contact between the transducer and the plating when buckling and
vertical movement of the grillage occurred it was found necessary

T
L
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e
l11 . ..' ’l 'l. <
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v

PR
f
e
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e
RN

to raise the pointer above the neutral axis for later tests. Even C_:
in the initial tests the small vertical movement of the frames ;ﬁ;
relative to the transducer supports was sufficient to introduce an ;

. error in the longitudinal measurement. e
ff . If the point is a distance h above the neutral axis rotation Zﬁf
. i of the frame by an angle 6 introduces an error h sin 6. ]
. C]
L If the ends of the frames were simply supported and the R

stiffener exhibited constant curvature the radius of curvature is . -1
{ given by e
L2 RS

= = (for w << L)

8w e

L

and the angle at the ends is given by rﬁj
N

Sin 8 = L/2R ] }i;

where L is the length of the frame .ff

and w 1is the vertical deflection at the centre of the ;_‘
stiffener (+ve upwards) R

Hence the correction due to this rotation is given by i%:
SN

RO

AL = i—hrl 'E-J.'\i

4

AR
Akls”

-
»
]

....,.. .‘
e’ .
4 ettt

The fractional error in this correction associated with
assuming w << L is equal to (2w/L)? which is less than 1% for the

P
IR AL

4
maximum vertical deflection measured (35 mm). ;ﬂ
" 4
The ends of the stiffeners are not simply supported but are ;
influenced by the deflection in the adjacent frames. For the .
central frame it is assumed that if w; = -w, the rotation will be -
as assumed above, but if w, = w, the rotation will be zero. : o
For w, # w, a linear relation between these two extremes is -]
assumed giving corrections of:

... d
-3
- gfl(wl - w,) for the first frame space igi
and + gtﬂ(wl - w,) for the second frame space. : %
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The deformation of the outer frame spaces with doubler plates
is small and is assumed to be negligible so that using the same
assumption the corrections for the outer frames are

2hw,

for the first frame space

2hW2 )
for the second frame space

and

giving total corrections of

- g—ﬁ(2w1 - w2)

o for the first frame space

for the second frame space.

- ———

and T

(2w - wj)

The correction over both frame spaces is given by

2 h

- ——

(W 4+ W)y
which in most cases is less since w, and w, tend to have opposite
signs.

These corrections have been applied to the measured longi-
tudinal end shortening using the mean vertical displacements of
the three stiffeners in each case.

- 28 -
UNLIMITED

b g

~~~~~~~~~~
______ . N P R
- - R I I R I S ST
W

.« ..
Py

Y
I

a’

.
2w <.

..........
''''''

ol AR

“ e .
A
v Yy
PR
Ak A

P Ak SR ]

l A

- .. . .
.‘_'.nf:"_', R *

.

(o T
> SO

Pl 2P

l..



MEASUREMENT OF LONGITUDINAL DISPLACEMENTS

?t; —— - o
.- o
DEFLECTION
5 | r TRANSDUCER phe

. .'&I"

rrr
[ R A §
[ND
L

v

P )

cam
1t

- ) Ca .,
- ~.
S

v o - v

v d Tl e
. s ¢

e ol .
z . "

4
La L

|
. ) - %— —F] - - — - - NEUTRAL AXIS

r

-"
e Bt e e
L e A T M PR I

W . LA L
.. et e
".I.C".("l' T . a0
MR (YIRS

”

"‘

. : -
R RS

.

NANRAIM
e
W .o
’ r
e
il
el i sl el it

-
o“

.
F RS x
.

FIGURE A1

e e e e e
e T e
O O
WY N M PR R

T
A

s " Y
PP

ot o

.
)
: . f;
RS 8

~- e e e

UKLINITED AMTE (S)R8S5104 Lf:
S d
4

Cafun)

" LAY
Y e, 1';_1';". (.‘:_’._'.

I
b |
\'v,;.
X .
:\ 4
R,




U AL SN I IR AL SUL L SN IS L oAl ST A e are. g areg aoe T 3 a
2o . RERE R AT R R P S AN St A \\__\_""_T__'.“'..'._‘I'i';'_'._‘:ﬁTﬁ“_'\._‘.‘{'T_ﬁ_‘.,\WV_"w-‘-

A '-‘ r".' K

DOCUMENT CONTROL SHEET ‘}D A. I 53 808’ %

:: ¥ . (Notes on campletion overleaf) ‘1
TN UNLIMITED e
R Overall security classification of She®T (.cuieucerrcrssessrosioasrsressrssorsatocssscrsnnsossssasoscesssssconss . R
a-‘\ . (As far as possible this sheet should contain only unclassified information., If it is necessary to enter ) ::
classified information, the box concerned must be marked to indicate the classification eg (R), (C) or (S)). i
sy
1. DRIC Reference (if known)| 2. Originator's Reference | 3. Agency Reference 4, Report Security s
Classification
| AMTE(S) R85104 UNLIMITED
i‘ ’ 5. ?x‘iginatox)"s Code 6. Originator (Corporate Author) Name and Location
sl if known ) j '
ST Admiralty Research Establishment Dunfermline
i St Leonard's Hi1l, Dunfermline, Fife, KY11 5PW
SLoa L t. .
Sa. Sponsoring Agency's 6a. Sponsoring Agency (Contract Authority) Neme and Location - S
i Code (if known) S
-
R |
LA
7 o
. LA
INTERFRAME BUCKLING OF ALUMINIUM ALLOY STIFFENED PLATING (UL) o
PN
7a. Title in Foreign Language (in the case of translations) E’-’.‘ii
o
4
. 7b. Presented at (for conference papers)., Title, place and date of conference
-
- h.
R 8., Author 1,Surname,initials 9a. Author 2 9b, Authors 3, 4,.. 10, Date pp ref
i Clarke, J D Swan, J W 10.1985 66 10
.- 11. Contract Number 12. Period 13. Froject 14, Other References L‘_'
| - B
:
" 15, Distribution statement :
. Distribution controlled by MOD Technical Policy Authority, Research Area Leader 1, o
R CS, ARE Dunfermline C

Descriptors (or keywords)

)

T:’-‘ A1um1mum, buckling, strength, test, compression, stiffened plate, 1nterframe, ;‘. 1
RPN 1d . Tt
T yield o o _ ’,_i
:5. \LSummary (uL) ‘_:?
;::'. Compression tests on five stiffened N8 aluminium alloy plates covering typical i‘_:jij:
- full scale warship scantlings are described. The panels were manufactured using ]
k . normal shipyard production methods to ensure typical initial distortion and residual :,h
" stresses. —e
l&:; . Maximum loads and post-buckling load/deflection results are compared with - :‘,.
o theoretical predictions using the ARE computer program N106C. Kaéwm st T
¢ -
Y

e -.-:u-.»,,--;w,.;.'r;x', T T e o ]
AT BTN S SR AN Ve VLN IR AT I S




Pa R b Ay S g by g A _SRa i iasenth b BAChAL SoEES A A R L R S

‘-‘ . t . N .. .- - . . . ‘.

A i
NOTES ON COMPLETION OF DOCUMENT CONTROL SHEET
This Cocument Process Sheet is designed specifically for MOD reports and reports produced by Contractors.
Boxes marked * below need be completed only if the informstion is readily available.
%1, DRIC reference: Enter DRIC reference (BR number) if one has been assigned.
2. Originator's Reference: Enter the report number by which the document is identified by the originator of .
the report, in the form in which it appears on the cover.
2. Agency reference: Enter reference number allocated by sponsoring agency (contract authority) in the case
of contract reports. -
o 4, Report Security Classification: BEnter security classification or marking which limits the circulation of &
the report, or enter WNLIMITED when this applies. . .
' *5, Originator's Code: Code number for the DRIC-standardised form of the entry appearing in Box 6. L.
. *Sa. Spcnsoring Agency's Code: Code number for the DRIC-standardised form of the entry appearing in Box 6a. -t- ﬁ
6., Criginatcr (corporate author): Enter rame and location of the organisation preparing the report. ST
6a. Sponsoring Agency (Contract Authority): Enter the name of the monitoring MOD Branch or Establishment in
the case c¢f Contractor's reports. If an MOD report covers work funded by an outside agency, enter the
name of that agency.
7. Title: Enter the complete report title in capital letters but omitting initial definite or indefinite
articles. If the report covers a specific period, enter this after the title, eg (1.1.1972-31.3.1972).
7a. Title in Foreign Language: In the case of translations, enter the foreign language title (transliterated
if necessary) and the translated English title in Box 7.
7b. Conference Papers: If 7 is the title of a paper presented at a Conference, or a Conference proceedings, ﬁ:
enter the Conference Title, where it was held and the date. ¥
8. Author l: Enter the name of the first author, followed by his initials. .
Sa. Author 2: Enter the name of the second author, followed by his initials,
Sb. Authers 3,4...: Enter tnird and following authors' names.
- i0. Date: Enter the month (in figures) and the year of the report (Dec., 1969 is written 12.1963), If the .
e report is undated but a period covered by the report is indicated, enter the date at the end of the period.
’.:- pp. ref. Enter the inclusive number of pages in the report containing information, i.e. including
" appendices, tables and illustrations, and the tctal number of references cited.
P e
r:'. 11. Contract Number: Enter the number of the contract or grant under which the report was written.
. . 12. Perisd: (always associated with the Contract Number). Only to be used for reports covering a specific
- period, e.g. quarterly, annual or final reports. Enter QR-1, AR, IR, as appropriate,
13. Project: Enter nroject name or number.
L 14, Other reference: Enter any reference, other than those in Boxes 2 or 3, by which the report may be L
icdentified,
’ 15. Distridution statement. Enter any limitations on the distribution of the document. If distribution is
L limited to particular groups eg MOD, MOD and its Contractors, etc, it should be stated. If the distribution
- is the responsibility of another authority eg a HQ Directcrate (Technical Policy Authority) erter
"Distribution controlled by MOD Technical Policy Authority". Enter "via DRIC' after "Authority" where
apprepriate and name the Technical Policy Authority if possible.
Descripters:  fny number of descriptors (or key-words) can be entered. If selected from a published thesaurus,
' eg The Thesaurus of Engineering and Scientific Terms (TEST), this should be indicated.
? Abstract: The abstract should preferably not exceed 150 words, i.e. it can be considerably shorter than the
Abstract to be provided on the Title Page of the Report. Information available in the report title need not be
included in the abstract, w

(Y

I's
3
‘et

e

PR il it »
t B

o o .
A ANATSPRE A RAAEMCEIO)
I N el e e e Tty




LI ]
’

[N . { i

PL3LA
awedjJaajul
aje|d pauadjylils
uo | ssaudwo)
3s9)

ybuauas
bui|yong
wniujwn |y

X3ONI 133cans

*390 N weabouad udnduiod Py

3y3 buisn suoijdipaud [@D133408Y3 YILM

pauaedwod aue SI|NS3aU UOL}IDA|jap/peo|
BuL|3onq-3sod pue speo| wnwixey

*$assadls

lenpisad pue uoijuolsip |eljtul

{ed1dA3 aunsua 03 spoyjau uo13dnp

-04d p4eddiys |ewsou Buisn paunidey
-nuew 3udM s|aued 3Yy)] “*paqiuIsIp aue
sbui|jueds diysdem agedss |nj (ed1dfy
fuLaaA0d saje|d Ao| e wniuiuni{e gN paus
-3313S 9ALS UO S3S33 uoissauadwo) (1n)

G86L ‘uems M [ pue

a4eld @ r A (In) 9INILVId QINISILS
A0V WNINIWNTY 40 ONITHONG VLY IINI
Q3LIKITINN 01684 (S)3iWy

PL3LA

awed 433u]
aje(d pauajsslls
uo L ssaudwo)
3591

ybuauys
but | ¥ong
wniuwwnly

X3ONI LI3rans

*990LN weaboud uaa3ndwod Py

3y3 buyrsn suorzdipaad [ed138409Yy3 YILM

paJedwod ade S$3|NS3UL uoL3I3|Jap/peoy
fuiL[¥onq-350d pue Speo| wnwlxey

*$3sSaUYS

lenpLsad pue UOL3X03SLp [eijLut

Les1dA3 a4nsu3a 03 Spoylaw uoL3anp

~ou4d paeAdiys [ewaou Bulsn paunioey
-nuew 343m s|aued ayj °paqLaISaIp aue
sbuijuedss diysaem ajess [y [edtdfy
buLaanod saje|d Aojte wnwuwn|e gN paud
-4313S 3AL} uO S3say uotssaudwoy (1n)

G861 ‘uems M [ pue

aye(d a4 ¢ A9 (In) ONILYTd Q3NIJIILS
A0V HWNINIWNTY 40 ONITHING WYY IINI
QILINITNA v01584 (S)3ILWy

PLatA
auwedjaaul
aje|d paudjiils
uoLsSaddwo)
3s9)

ybuauzs
butxang
wnLuwn|y

X3QNI 1J3r8ns

*990 LN wesboud 433ndwod Yy

a3yl Suisn suorydipaud |eI1334094 (J (M

pasedwod aue S3{NSaL uoLIddLJ3p/peO|
Bul|¥yong-3sod pue speo| wnwixey

*S3sSAMIS

lenplsad pue UOLIAO0ISLP [RLILuUL

{ea1dA3 aunsua 03 spoyjaw uoyL3onp

-o4d paeAdiys (ewusou Sugsn pauanioey
-nuew 3J3M s|aued ay] *paqiadsap e
sbuy|jueds diysuem djeds ||} |ed1dAy
Butuaaod sajeld Aojle wniurwnie gN paud
-3313S 3ALJ U0 S$3S33 uorssaudwo) (1n)

G861 ‘ueMs M [ pue
e a r A9 (I0) 9INILVYId G3NIH41LS
A0V WRINIWNTY 40 ONITIONG VY4 ILNI

Q3LINIINN $01584 (S)31Wy

PL3LA

awed juajul
aje(d pauajsLis
uotssaudwo)
359

yibuauls
bul|%ong
wnLuniy

X3ANI 133rans

*990LN weaboud 433ndwod Py

8yy bulsn suol2o1paud {eI133U08Y3 Y3 LM

pauediod aue S| NSaJ4 U0 L33 48p/peO|
6ui¥onq-350d pue speoj wnuixey

*53S5343S

{enpLsad pue uoiljuaolsip jetjtut

[eo1dA} aunsud 03 Spoylaw uoL3onp

-04d pdaeAdiys jeuwaou bursn paanioey
-Nuew 343m siaued ay] °paqLudIs3P aue
sbuijueds diysaem ajess ||ny (eadAy
bursanod saje|d Ao|je wniutwnie gN paud
-4313S 3ALS U0 s3sa} uorssaudwol (7n)

G86L ‘uems M [ pue

aMed a ¢ A9 (7n) ONILYId Q3INIJHILS
AOTTY WNRINIWNTY 40 ONITHONG 3Wvd 4 ILNI
Q3LIWITINA v01684 (S)3lWy

e 0 ey

22> kv\lh

.

L
e B

R

POy

N
PP

® .
LA

-,
Talt ol

PR

2o




ey

paa aouB ANNSLER LA

o e S0 g
IR g

i B i

~ M * )




